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ABSTRACT 
A recently  published  set of 10-mh.  charts  analyzed three times  monthly,  July 1957 through  June 1958, is used 

as a basis  for  discussion of the high  stratospheric  circulation  during  those first 12  months of the  International Geo- 
physical Year, There is a slow, steady  transition  from  summer  easterlies to  winter  westerlies  which  appear  first in 
high  latitudes  and  then  strengthen  and  expand  southward. In January  and  February  1958,  the  circulation  hreaks 
down  rapidly  and  in a highly  complex  manner.  By  May,  polar  castcrlies  become  established  and  spread  southward 
to  merge  with  the  intensifying  subtropical  easterlies. 

Several  related  topics  on  the  nature of medium-  and largc-scale developments  are  discussed. 

1. INTRODUCTION 

Recent  advances  in science and tecahnology have grn- 
erated  a  requirement  for :L more detailed knowledge of 
at,rnospheric  circulation a t  increwingly  high  levels. 
Rockets  and missiles regularly  penetrate  the IO-mb. sur- 
face  (near  the 31-k111. level).  Unmmned balloons  carry- 
ing  a  variety of instrlllllerlt'ntiorl  have  drifted  for d t ~ y s  
near  the 30-ktn. level, and one  such  balloon is known to 
have  attained  a  height'  exceeding 45 krn. At least'  three 
men  have  already  journeyed as high as  the IO-mb. sur- 
face. The  late  Capt..  Iven C. Kinclleloe  reached 38 krn. 
in  a U.S. Air Force X-2 rocket  aircraft on Septemhcr 7,  
1956; Maj.  David  G. Sirnons  ascended  to 3 1  krn. in w 
sealed  gondola  carried by R 6,000,GOO cu.  ft. plastic. 
balloon on August 20-21, 1957; and Capt. Joe B. Jordan 
flew an F-104C jet  plane  to  31.5 kln. on Decetnher  14, 
1959. 

The  trelnendous  erupt'ion of the  Kraktttoa  volcano on 
August  27, 1883 (Wexler [ZO]),  thrcw  material  from t'he 
surface of the  earth  to a height of 32 krn. where  the  dust 
cloud circled the  earth  at an average  speed of 63 kt .  to 
give  evidence of equatorial e:tst>erlies a t  this  level.  More 
recently,  debris  has  been  cast up to  the 30-kin. level hy 
hydrogen-bomb  explosions.  There,  depending upon sea- 
son and  latitude,  it  has  been  carried  eastward  or  westwsrd 
around  the  earth  in  a  few days. Some of this  material 
has  even  drifted  across  the  equator  to  fall  out' in the  
Sout,hern  Hemisphere. 

What  do we have in t'hr  way of reliable met~eorologicul 
information  about  the  middle  layers of the  st'ratosphere? 
Can  ascent  to  these  heights be nulde wit11  re:Lson:lble 

contidence in  the  sort' of weather  and minds that  may be 
erlcour~teretl  t'here?  Prior to the  Tnternational  Geophysical 
Pear. these  heights were frequently  att'ained  by  ascents 
made at IL score of United  States  military  radiosonde 
stations  scattered  about  the  Northern  Hemisphere. In  
:dtlition,  occasional  special  meteorological  probes were 
made tjo 30 km. or lligllcr. The data  from  such  ascents 
were d e q u a t c  for an  estimate of the  generalized  temper- 
ature and wind  distribution tL t8  10 mb.  but left  unresolved 
mmy questions  regarding  such  details as the  amplitude, 
wavelength, : ~ n d  speed of perturbations a t  this  level. 
Ot'ller topics  requiring morc accurate d a h  for  greater 
understanding are reltlt'ed t'o t'he  vertical  structure, 
tlevelopmcrlt, and maximum  strength of thc  wintertime 
Arctic  st'ratospheric  jet  stream (or "Astrajet" as we shall 
call  it'  llere) antl to the pllase  relat8ionships between 
st,rrarnlincs  and  isotherms  during  progression,  ret'ro- 
gression, ant l  rapid  development of disturbances in the 
circulation of t'he st>ratosphere. 

With  the  beginning of tlle  Internat'ional  Geophysical 
Year, sufficient effort was placed  on  the  attainment of 
grwt  heights by  routine  radiosonde  runs  for  depiction of 
t l l e  daily  circulation a t  10 mb.  with  reasonable  accuracy 
over :L lttrge area.  Recent'ly,  increasing  numbers of ob- 
serv;rtiond  st'udies (see references in this  paper  and  in 
Hare [2]) httve shown,  in  various degrees of detail, some 
cllaracte~ristics of the  circulation  and  climatology of the 
stratosphere. The  Stratospheric  Analysis  Project of the 
U.S. Weather Burrnu has already  published [18] a  set of 
IO-mb. charts,  malyzed  three  times  monthly for the 
first 12 months of IGY,  July 1957 through  June 1958. 
Analysis of additional  sets of 10-mb.  charts and of 30-mb. 
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(24 km.)  charts  for the same  period is now in  process. 
Another  important  function of this  project is the  analysis 
of daily  100-mb. (16.5 km.)  and  50-mb. (20 km.)  Korth- 
ern  Hemisphere  charts  for  the IGY period,  July 1957 
through  December 1958 [19]. 

The  purpose of this  paper is to describe  the mwjor 
features of  t811e 1O-mb. circulatiol~  and its changes  in the 
period July 1957 through  June 1958. The description is 
based primarily on t'he published set of IO-mb. charts [I 81 
and select,ed charts  from  this  set  are  shown  in figures 2, 
4-7, and 10-12. 

2. PROBLEMS OF PROCESSING AND  ANALYZING 
10-MB. DATA 

Even at, best,  observed  10-mb.  data are scarce  and 
extrapolated  dat,a  must  be  depended  upon as a supple- 
ment. The modest  budget of the  project  did  not  permit 
an  elaborate  syst,em of building  up  the  10-mb.  analysis 
from lower levels on a  routine  basis  by use of mean  virt'ual 
temperature  char&  and  differential  analysis.  Instead, 
individual  soundings that reached  nearly t'o the IO-mb. 
surface  were  extrapolat'ed. I n  ot'her cases, soundings were 
reconst'ructed  from  time-section  data  coupled  with dut'a. 
from  surrounding  stations. 

Random  errors  in  temperature  and  height  data  are  far 
larger a t  10 mb. than  at  lower  levels  and,  moreover,  are 
superimposed  upon :a large  systematic  diurnal  variation. 
h,luch of the  diurnal  variation is spurious,  being  caused  by 
alt,ernate  solar  heat8ing  and  nocturnal cooling of the  tem- 
perat,ure  element of the radiosonde. A great  amount of 
instrument,  research will have t'o be  performed  before t,he 
exact  nature of the  radiation  wror  is  known  for  all  types 
of radiosondes, but  to  reduce  the  difficulty  ol strtLtospheric 
analysis it is sufficient' to use  t'hc  met'hod of Tewelcs a r ~ t l  
Finger [lj].   This SyStCKkl eliminates  the  diurnal  variation 
of most, types of United  States  radiosondes used during 
the IGP by reducing  daytime  values to  the level of' night- 
time  values. The  n~agnit~udcs 01 the tcrnperttture )and 
height, corrections  applied  to  the  10-mb. data are  shown 
in figure 1.  The  corrections  shown  for  the  duct-type 
instruments  are  in :tcldition to  corrections [17] a1re;tdy 
applied  during  evaluntion of the  raw data at  the r:ttliosonrle 
station. 

Radiation  theory  indicates  that  heat, losses hJ- S O I I ~ ~  

types of thermistors  in  darkness may cause, reported 
nighttime IO-mb. temperatures  to  be as much as 2" C. 
below the  t,rue  values. If this  is  true  and there is no 
compensation by  other effects such as stray  battery  heat, 
then  the 1O-mb. jsothcrms  drawn  on these charts  should 
be  labeled  higher by  that  amount.  There is cvidence 
(Teweles and Finger 1151) that'  this  temperature  error, il' 
it  exists, does not differ much  lor  various types ol instru- 
ments and so would  result'  in a fairly  constant  height 
error,  having  little effect upon  the  gradient of contour 
height,. In determining t,he contour anal>-sis, the  wind 
data were found t,o be  far  more useful tlliirl the height 
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FIOCRE l.-Ternperature (a) and height (b) corrections for use with 
10-mb.  data  reported from the principal Unit,ed States radio- 
sondes used during the  Internat ' io~~al  Geophysical Year. 

of the  vdues to  be used in  labeling  the  contours.  Height 
data tdso had some use  in  the  determination of the  spacing 
of contours wcross large ocean or  land  areas  having  little 
or no  mind data. 

The  sparsity of 10-mh. data made i t  necessary to 
utilize  for  t'he andysis not  only the synoptic  report's  but 
also all  other  observtitions  reaching to or  nearly  to  the 
10-nlb. surface on the  same  day,  the  preceding  day,  or 
the following day. Comparison of the  various  reports 
entered at a. station  made  it possible to discard  obviously 
erroneous values and to interpolate  between  reports  in 
order  to find the most  probable  data. a t  map  time.  In 
drawing  contours  to  agree closely with  the  observed  wind 
field,  the  analyst can  give libtle WeiPht to  the reDorted 
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FIGURE 2.-The 10-mb. chart for 1200 (:MT July 5 ,  1957, from [IS]. Contours at intervals of 40m., isothcrms (dot-dash lines) at intervals 
of 3" c.  

height,s. Furtherlllore,  the  arldyst 11:~s little in the wray 
of synoptic  models for guid:~r~c.e  with  respect to probable 
contour  and  isotherm  pattenls or the  phasc  relationship 
between  them.  Thus,  the  :ttnount of subjectivity  in the 
10-nlb.  analysis  is much greater  than  that  found in the 
andysis of tsopospheric  charts. 111 spite o l  these  factors, 
surprisingly  little modification ol the principal  features of 
the  circulation I L I ~  temperature  distribution  shown in the 
final  analyses  is possible without  disregardins  more dattL 
than are better  satisfied  by  thc  charge. 

Large-scale patt,errls with wavelellgtll o l  the  order 0; 

6,000 kln. are quite  accuratel>~ shown hy thew :tntdyses, 
snd some rnediunl-sc:tle features h v e  been reve:~lctl by  
conscientious  eflorts to detect, m t l  delineut,e them. Prc- 
qucntlp,  however, when their  anlplitudes arc stndl t,tlcw 
nwdiunl-scale perturbations tend to  be obscnretl by t l l r  
large  observationnl errors. Severtl~cless these IO-nlb. 
churts  serve :t n s e f d  purpose by  portraying irr1port:mt 
features of largc-scnle circulation  changes I'or c~orllpxrisorl 
with nnt~logous changes at lower levels. lloreover, with 
these  charts  to act as :I foundation,  :tctivity atj still higher 
levels CUKI be  cstitnatcd, pttrticul:lrly if supplernental data 
from R few high-reaching  bdioorl or rocket  soundings are 
available. 

5 5 1 4 5 2 - 6 0 4  

3. THE SUMMER EASTERLIES 
(July 1957 and June 1958) 

Bec:~use the reference series of nlttps  begins with the 
Irlonth of July,  it  is necessary  here  to discuss t h e  summer 
easterlies  by  conlbining  cllitrts  for  two  different'  sunll~lers. 
The  10-tnb.  chart for J u l y 5 ,  1957 (fig. 2 ) , *  shows  the  typ- 
ical summertime  contour  pattern  with a High ce,ntered near 
tho pole and c:ircurrlpolar easterlics  >It d l  latitudes.  This 
circulation  persisted  only  until  the  beginning of August 
1957, hut  in  t,hr following year becwne reestablished by 
the lrlitldle of ,June. The summertime  circulation, once 
establisllcd, c.11tmges very  little from day  to  day, at' least, 
in  the  1:trge-sde  pattern.  Careful exslrlination of wind 
directions  during  this period suggests  the existence of 
slllall :u~~pl i tu t le  perturbations  in  the  easterlies,  but  in  the 
subtropics  and lowcr mid-latitudes,  the wind  directions 
i n  these pert,urb:ttions deviate  little more than 10 degrees 
on either side of straight  easterly. 

An interesting  feature of this sulnrnertirnc  circulation 
*Vignrrs 2, 4, 5 ,  6, 7 ,  IO, 11,  and 12 are  rrpro+uccd,  after  reduction  to  approximately one- 

11df s i z ~ ,  from tlw IJ.S. Wrather  Bureau [181 publication, 10-millibar h'vnoptic Weather 

groups  lrsviny nrrd for  grcater  detail  than is found here will he furnished  with  a  copy of 
.Mupa. In the process, thc  plotted data hare hecon~r illegible. Institutions or resrarcb 

thc  t~ooklot, as long  as the snpply lasts,  upon  rrquest  to  Chief, U.S. Weather  Bureau 
Refwmcc K-8.42, Washinaton 25, I1.C. 



FIGURE 3 .  -10-mb. temperatures (3-day running  means) at srveral 
stations from JuneeJuly 1958. A few  individual  valucs  werr 
extrapolated  from  as  low  as  the  13-mb.  level. Ternpcrat11rc.s 
were adjusted  to  eliminate  bias from radiational  errors. 

scured b ~ -  the  large  temperature errors charcteristic of 
1O-rnb. data. These errors ttre frequently- :LS large as t'lle 
day-to-day  temperature cllanges and  in sumner  are equal 
to  the  horizontal  temperature difference :wross >L ver.j 
wide area.  The  isotherm  pattern  ma^- be overly  snloothetl 
since  t'he :tnalyst dit1 not  have t'llc  means to m k e  :L detailed 
anttlysis of the  temperature v:wi:Ltion at individual sttl- 
tions :~nd  thus rn:tJ-  occ:Lsion:dl>- have disregttrded a11 
unusual  but correct value. 

Determining the rcalit>y of srn:dl temperature chnnges 
reported tit 10 1111). is :L difficult  problem  for  the  :malyst. 
7'he nlngnitude of the changes he must recognize  is indi- 
cated in figure 3 by 3-day running  means of 10-mb. tem- 
peratures in areas where  there are several  nearby stat,ions, 
or at  stations where observ:ttions are taken  four  times 
daily.  The period of the  changcs  is  roughly  10  to 15 days. 
I heir In:Lgnitude increases frolll about 4' C. in  the Arct,ic. 
to 7' C. in middle latitudes,  hut seems to decre:tse again 
at lower latitudes. Of course, the r e d  chmges are some- 
wtlttt larger t h m  those of the 3-day running  means  :md, 
in addition,  randorn  errors have been great1.v reduced by 
this :Lvrr:q$ng process. T h e  curves of figure t3 show 
minor  10-lnb. temperature v:lriations ranging front 2' or 
3' C. near  the pole to 5' or 6' C. a t  30' N .  Since  the 
:Ltrnosphere :Lt  10 nlb.  in  summer is statically  quite  stable, 
vertical  motion of only one-h:tlf kilometer would  producc 
sufficient adiabatic  heating or cooling to explain thcsc 
ohservttl tcrnpcrature chmges of only 5' or 6' C. 

Scllr~1~hag [ 1 11 has  already discussed t,he Berlin 20-rnb. 
and Bit burg 25-1tlb. temperature cllanges over Germmy 
during  t,his period (June-Julv 1958). Rtmdorrt errors i n  
t,hc data were subdued  by  preparing 5-dt1y running  mems 
of observed  trtnpernturcs. He relnttrks that II solsr  erup- 
tion occwrretl a t  0400 CMT, July  7 :tnd after the interval 
required  for s01:tr particles  to retwh t,he earth  from such 
IL disturtxlncc,  an  extr:~ordin:~rily  strong  terrestrial rnag- 
netic anti ionospheric st.orn1 was observed on July 8. 
According to Sclterhng, such  trtrlporal relutionsllips bc- 
tweet1 s o h  eruptions, n1:qyletic : m d  ionospheric st,ornls, 
: ~ n d  sutlden wmnings of t'hr  str:lt,osphcre itre not, 
accident,ttl. 

The  tcmperaturc c1l:tnges showll in ScllerhtLg's p:~pcr 
: ~ r c  c*omp:~r:~blc  in size with those in  the  10-mb.  tempera- 
tures  shown hcre (fig. 3 ) .  The tempcrat'ure  rise, following 
tltc suddcn  commencement of the  ionospheric  disturbance 
:It 0748 GMT July 8 can  he observed not  only  in  western 
Europe but also over the At,l:tntic 0cc:~n at Terceira ttnd 
Kc3fltvik  :mtl lcss markedly over the Arctic. St .  Georgc 
:lnd V:dptlr:Liso tcmpcraturt~s :It this  time  show no definitc 
rrqortsc. Over tllttsc lattcr  stations :tnd at Terceira mow 
pr011oun~~vI : m t l  relativt~ly simu1t:meous temperature peaks 
occurrctl from June  18 to 2 2 .  Otltrr  sutlden  commenw- 
mcnt tlatcs given ill 1111 article b>- Williams [ 2 3 ]  arc indi- 
cxtrtl i l l  figure :3 but ltc~dtlctl mucll mc:~lxr ionosplleriu 
tlisturbanc*cs (ITS. Katiorld Burc:lu of St:Lndartls [I  61) 
tllarl that of July 8. For this,rcason tlntl bccausc it ov- 
caurrcd so cwly,  tllr sati t lct l  c~ornrnt~~lc~crnt~~~t of Junc 14 

r ,  



FIGURE 4.-The 10-ntb. chart for 1200 GMT .kllgllSt 2 5 ,  195 i  , from [18]. Contours and isotherms as in figure 2 .  

hardly  seems c.ap:Lble  of explaining the June 18 to 22 
warmings.  A cvweful investigation of t,he charlgcs of 
10-mb.  circulation  associated  with  these  changes of 10-mb. 
temperature is highly  desirable  but'  requires  pairlstaking 
study beyond the scope of this paper. 

4. TERMINATION OF THE REIGN O F  THE  EASTERLIES 

(August and September 1957) 

In  the first httlf of August  1957, t'he high-latitutlc 
easterlies a t  10 mb. began to buckle  and  slowly break 
over  into  westerlies. By August 25 (fig. 4) ,  closed 
circulation llttd developed over the Yukon V:tlley. North 
of the  45th  parallel  only  very  weak e:lsterlies remained 
and  meridional flow was :IS prevalent its zonttl flow. 
Within  the next 10 days a radical  change  in  the  position 
of the lowest  pressure  took p l a c ~ .  Although  a  trough 
remained  in  western Ctmada, u change to nort'herly  winds 
s t  Thule  in  northwestern  Greenland  shows that' the  heights 
had  dropped  more  rttpidly to the  east' of Green1:lnd t h a n  
over t'he North American Arctic,. The genertL1 decrease 
in  height of the pressure surface is 21 logicd  manifcstation 
of the  shrir~lmgc of thc polar atmosphere tis :l rcsult of 
seasonal cooling. However, p u t  of the d c c r c ~ s e  wtls 
ac.c.ornp:trlietl 1))- westward movemc~nts of t l w  low cclltcr 
since  the wind :I t  Tllulc  switchctl to soutllcrly by m i t l -  
Scpt(~mbc~r. By t l I ( 1  cntl of  Scptcmbcr t l t t  t l c t ~ p v ~ ~ i r ~ g  

trough h:d taken a central  position in Chrlnda and 
cWcndet1 its  influenc~?  southward to the  Western  Plains 
of the United StrLt,es. 

The  ridge  separating  the  still  strong  subtropical easter- 
1ic.s from the rxpmding  ring of polar westerlies was first 
wc4l-m:brked in  early  September  along  the 45t'h parallel. 
BJ- late  September,  the  ridge  had  migrated a full 10' 
of latitude  southwttrd,  and  the speed of the  subtropical 
easterlies h:d gcrtcrttlly fallen  below 50 kt.  Meanwhile 
t h e  tcrnpcrsture t t t  the pole fell some Z O O  C. from its 
summertime peak. 

At 10 mb.  in high lntituties  during  September  and 
Octobcr thrh atmosplwre cools a t  thc rat'e of about 15' C. a 
month, suggesting :L strong terlderlcy t'oward radiative 
t.quilibrium. The p:mdlelisrn of contours nnd isotherms 
is :t gcncr:llly rclinblc indication  that'  there is little or no 
vrrtic:d  trttnsport of heat a t  this  time.  There  may  still be 
sinking  motion to compensate  for  the cooling and shrinking 
of the po1:tr layers. Furt~herrnore, the gradual  acceleration 
of the  zonal flow rtquires  an inflow :moss contours  toward 
t lw pole.  This inflow must, be more t l lm compensated by 
outflow t t t  another level to  permit  tho  continued lowering 
of the pressure' surfaces. Sinking of the  air  with outflow 
a t  lower I t ~ t l s  provides t t w  most logical expltlustion. 
Iht1i:ltioIl:tl voolirlg must, t lwn be called upon both  to 
cornp(>nsatc> for the. adiabatic- heating and to explain the 
clcwv;tsc~ i l l  t (~mpcr;t turc.  
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FIGURE 5.-The 10-mb. chart for 1200 f:nm October 15, 

5. THE INCREASING WESTERLIES 

(October to mid-November 1957) 

During  October 1957,  t'he c*oolirlg and lowering ol' strat- 
ospheric  pressure surfaces and increase oC westerly wind 
speeds  in  the  high  latitudes  continued  at an  accelerated 
pace. As the polar  temperature  dropped 18' [I. I'ron~ 
September 25 to  October 25,  the  10-rnb. surf:tce at the polc 
sank one full  kilometer  just  as  it  did  during  the  previous 
month. T n  just 10 days preceding  October  15 (fig. 5 )  
temperatures  over  the  Yukon  basin dropped 8' C. or 
more wit,h  correspondirlg height falls of more  than one-hall' 
kilometer.  During  t,he  next 10 days, the trough !irw moved 
eastward  to  a  position over Greenland  where  heights fell 
700 meters and t,enlpertlt'ures 12' (1. in 10 d t ~ y s .  Thew 
lat~t'er decreases see111 to  involve  dynamic tLs wcll :IS riltlitl- 
tional cooling. 

The  westerly  circulstion  during  t'he period from earl>- 
Oct'ober  to  ewly Novenlber came as close to  being circurn- 
polar AS a t  m y  other t'irne during  the 1957-58 cold season. 
Even so t'here was a notable  tendency  in  the ~ ~ U ~ U I I I I I  

toward  eccent'ricity of the  pattern  with  the principtd  low 
center displaced toward  the  European side ol' the pole. 
This  eccent,ricity  is closely ussociated with  the  persistent 
tendency  toward anticyclogerlesis in the stratosphcrc  over 
the  Aleutian  areit. 

One t8heory for explaining  the existence of t8his  clitns- 
tological featmure  is t,ll>rtj the center or t'he circultrtiorr is 

1957, from [18]. Contours and isotherms as in  figure 2. 

tlisplaceti I'ronl the  North Pole due to enhtlnced rudiative 
he:rt' losses over  the "cold poles" of Greenland  and  northern 
Siberia. By the s t m e  logic, the center is  t'hrust away from 
the  Aleutian trrcft where  the ocean surface is abnormdly 
warm for that  latitude.  This explarutt'iorl is discounted 
by W'exler ant1 ;Iloreland [22\. Tts weakness is  thitt'  small 
differences in long-wave radiat'ion could not hold iso- 
tllcrnls  stationilr)*  in  the face of advective  ternperaturc 
cffects tllat, of'tcrl tire ltrrger by two orders of rnagnit'ude. 

Another cxplnnnt,ion,  given in an  earlier paper (Teweles 
[ 1 3 ] )  pltrces the energy sourcc in  the  tropospheric jet 
strearn  t'hat norlntrlly ptLsses over Japan in  winter,  then 
spreads  out, and weakens  over  the  Pacific.  This feirtllre 
is  strikingly  illust~rated b>- charts of the mean 300-rnb. 
wind,  tenlperat~ure, and kinetic  energy  distribution  over 
the Northern Hemisphere produced by I&ey et  al. [3J. 
Thcse chirrts  sllow  thiit  between Oct'ober and  November 
and again betwecn November and December  there  are 
tnt~rl~ecl increases  in the tnetm strength ol t'he  jet strean1 
ovcr Jttpan. This  portion ol the  jet'  stream  remains at 
pcuk strength  through  February.  Although  t'he weaker 
jet streml ol' Septenlber and October loses little of its 
speed while  crossing the hcific,  the jet stream  during  the 
months when its  kinetic  energy over Japan is greatest 
loses I ' ~ O I I I  one-hdf to three-qu:uters of its energy by the 
time it crosses tlle  Xort'h  Arnericm coastline. In the 
region surrourlding  the decclcrrtt'ing current,  t'he convcr- 
sion of kinetic  energy  into  potential energy rrquires a n  
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arrangement of vertical  motions over the Pacific that is to 
be  expected  around an exit zone as discussed by  Scherhag 
[IO]. This  explanation  requires  that  the  decelerating 
tropospheric  westerly  jet  stream,  bearing  to  the  right  or 
sout'hward  toward  high  pressure, will tend  over  most of 
the cold sea,son t'o evacuate  the  layers  near  the  t'ropopause, 
level over  the  Aleutians.  The  net  sinking  motion  above 
that level will produce  stratospheric  temperatures  high for 
that  latitude. Convergence and inflow at  the high  levels 
will maintain a strongly  baroclinic  region  by  packing 
isot'herrns  between  this warm air  and  the  body of cold air 
produced  within the Arctic  Circle. The Ast,rajct'  must 
intensify  with  height  to  extremely  high velocities in 
obedience  with  the  tllernlal  wind  equat'ion.  High  pres- 
sure is built  up  in  the  warm  Aleutian  stratosphere t'o pro- 
duce  the  necessary  balancing  pressure  gradient!.  Tllk 
current  then  carves  out a path of constant  absolute 
vorticity  for itself southeastward  across  Canada. I n  t'his 
explanation,  the  proposed  cause,  the  t'ropospheric  jet' 
stream,  transports sufficient energy  to  explain  the  vertical 
motions  necessary  to  hold  the  existing field of stxat'o- 
spheric  isotherms  stationary  in  the  face of the  strong 
advective  tendency. The generation of an  indirect  circu- 
lation  in  the  region  downstream  from a jet  stream  wind 
maximum is discussed  in  great'er  det'ail by Riehl  and 
Teweles [SI. 

551452-60-- -4 

6. A PULSATION OF THE  ALEUTIAN HIGH 

(Mid-November 1957 to ear ly  January 1958) 

On n'ovcmber 15 (fig. 6) the most'  not'eworthy  feature 
of the  10-mb.  chart was the  extensive  anticyclone cen- 
t c w d  over  the  Aleutian  Islands.  This  warm  anticyclone 
had  built up quite  rapidly  and was influencing the circu- 
lation  over  the erlt'ire Xorth Pacific Ocean. The 10-mb. 
temperatures  ovcr t'he Aleutians were 25" C. or more 
warmer  than a t  the same  latitude  over  the  interior of 
Canada.  (lomputed  heights  and  extrapolated winds give 
evidence of 150-kt. speeds  in the wind current which 
curved clockwise from  northeastern  Siberia across the 
Arctic  Ocean  and  Alaska  into  the Gulf of Alaska. 

With  the  buildup of the ant'icyclone  over  the  Aleutians 
there was  extensive  segmentation of the  subtropical high 
pressure belt  that  prior t'o Oct'obcr  15 (fig. 5) and  until 
early  November was fairly  continuous  along 30" X. lat- 
itude.  This  belt as long as i t  remained  continuous  tended 
to  isolate the subtropical  easterlies  from  the  mid-latitude 
wcsterlies. After  the  break  up,  as  indicated  in figure 6 
by  the  circulation  in  the  vicinity of both  Hawaii  and 
Mexico,  largr  amount's of air  from  the  deep  Tropics were 
able  to  penetrate  northward and mix  with  the  polar  cur- 
rent's.  This  may be a  gcneral  feature of the  circulation 
for it was at  just  this  time of the  year 1883 that t'he  first 
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clvidence of the Krakat,oa  dust cloud was rtlportetl i l l  rnitl- 
latitudes (Wexler [ZO]). Thc c l o ~ ~ d  had sloml~- worlwtl its 
way  northward  during Sept'ember and Octobcr  from  its 
origin a t  6' S., 105' E. TVe ma?- presume that i t 1  1883 
as in 1957 the high pressure  helt was  slowly pwssctl 
southward t>oward the  subtropics. As t he t,wo phcnornenn 
crossed, the  dust cloud was mrrietl away in  the w-csterlics. 

By late  November 1957, thc  highest  portion of th(. 
IO-mb. surface  had retrogressed southwestward  to a posi- 
tion  just  east' of Japan. Along with  the (lecrease i n  hcight 
of the 10-mb. surface over ,4laska, tempcratjurcs plungctl 
as much as 20' (1. This cooling of the  western  portion 
of a trough  during  the ret'rogrcssion of stratospheric sys- 
tems mas also  noted as a fe:Lt,urc  of the circulation t ) r tdc-  
down of January-February 1957 (Teweles [13]). 

The  westerly c:irculat~ion ill high latitudes lq- l a t ~  Xo- 
vember  had again lwcome nrwly  circumpolar wi th  thc' 
lowest portion of thc 10-mb. surfacr.  close to thc Xorth 
Pole. Flat W ~ V C S ,  two or tllrce  in numlwr, apparcntl>- 
existed in  this  circulation  for, in addition  to the Pacific. 
ridge, another is tlelineatcd near thc British Islrs by  
southerl\T wind  components ovcr the Atlantic- ant1 nort I I -  
erly  components  over  west'em  Europe. 

During most of December  there w e r ~  no major cl~ar~gcs 
in  the  patt'ern,  except  for a slight filling of the polar low 
center and an irregular  eastwasd  movement of thc 10-mb. 
systems.  A  remarkable  change  took placc about  thc 
beginning of the new y a r ,  for on ;Iannar>- Ti, 19.58 (fig. 
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FI(:URE 8.-The curve of 10-mh. temperatures  extrapolated at, t h e  North Pol(, 0 1 1  c ~ t c h  chart o f  [IS]. All 10-mb. temperatures  reported 
during  the 12 months from Alert N.W.T. (82' N., 62'20' b'.) are  included,  supplcnlented by IO-nlb. temperatures  reported durirlg 
January  and  February 1958 from Ice Floc Stat,iorl " A " .  Daytime station  tcmper:ttnIcs are plot,t,ed from the records  without  reduction 
to  rlight,time v a l ~ ~ e e ,  whilt: values r1xtmpol:tted from  thv I O - I I I ~ .  c*harts c l q w n t f  on thc. isothr~rrn arlnlpsis which includes  the  reduction. 
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FIGURE; 'J.----The 10-mb. chart for 1200 GMT Februar? 1, 1958. Contour  inkrval 100 In.; isotherm  interval 6" C. Much of the itrlalysis 
beyond  the area covered  by the othcr 10-mh. ch:Lrtx is it11 estimation,  based  largely upon extrapolated  data. 

passing close to the pole. T h e  Astrajet  was  strctcllctl into 
a  great  loop that crossed over  the pole and  thereby  split' 
the  intense  polar  vortex and its pool of' cold tlir illto t'wo 
much  weaker cold vortices, one over  Europc tind tllc: ot hcr 
over the Gulf of Alaska.  At  the  pole,  these evcrlts cli- 
maxed a temperature  increase  during  January of more  than 
50' C. and  a  height  increase of more  than  3.5  km.  (Such 
large  changes also occurred  in  the  Keflavik  area  in 1957 
(Teweles [13]).) The largest  portion of the cold air  that 
had  surrounded  the pole was  carried  southward  over  the 
Greenland  area  to  Europe.  There, too, large  rtlpid 
changes  were  taking  place.  On  January 23 when :L l o -n~b .  
temperature of 7 2 1 "  C. t ~ n d  a 10-rnb.  wind of 148 kt .  
from  250"  were reported at  Bitburg, t'he Fjo-mb. tcmpcr- 
ature WBS -50" C. at  this  station  in  contrast,  to "82' C. 
a t  ship "A" (62" Tu'., 33" W.). At 50 rnb., deep I~ows 
centered  northeast of Iceland and in  north-central  Siberia 
were  connected by a trough  mross  the  Arctic cotwtline of' 
Eurasia.  Subsequent  retrogression of' the  former  Low 
from  the  vicinity of Iceland  to a point  over s o u t h m ~  
Greenland  was  accompanied by the  backing of winds a t  
Keflnvik to  southwesterly  and  by  warming to "-13" C. 
a t  25 mb. at 0600 GMT on  January 30. With the appear- 
ance of a dee,p Low over northern  Europe on February 1 

(fig. '3) the Grccrllantl Iiow filled rapidly.  At  Keflavik 
stratospheric minds shifted  to  northwesterly,  and  the  tem- 
prrttt'ure a t  this  station  plunged  again as indicated  in  table 
1. The second  Keflavik  wurrning  came on February 10 
with  the  arrival of warm air from eastern  Siberia  where i t  
had persisted since the beginning of' the  month, passing 
over  the pole 011 February 7 and 8  and  thence sout'llwttrd 
across  Greenland. 

The "explosive  warming"  pllenolnenon in 1958 as in 
other yeus  was  part' of a llerrlispheric c,hange in  circulation. 
The prefcrrctl location for t>lle appearance of' unusually 
high  tenlpeniturcs  seems  to be in :t portion of the  Astrttjet 
moving  from a southerly  direction  along  the  eastern  side 
of an  intensifying  westward-moving  (retrogressing)  strato- 
spheric  trough  or low center.  The  peak  temperature  at 
t~ st'at,ion  frequently  occurs as the axis of the  Astrajet 
sweeps  to  the  left  across t'he station  in the direction of' 
low  pressure. ?;ear the  center of' highest  temperature 
the wind  decreases,  and  10-mb.  height  increases  greatly 
a t  this  stage.  At  the same time,  anomalously low tern- 
peratures  itppet~r  in  the  nort8herly  current  west ol the  Low. 

On the ot,ller hand when systems  move  eastward,  the 
warm  air  cent'er  makes  its  way  around  to  the  northerly 
current  ahead ol' the  advancing  ridge  line.  The  maximum 
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FIGURE IO.-The IO-rnb. chart for 1200 GRIT February 15, 19.58, from [18]. Contours and isothrmms as i n  figure 2. 

temperatures reacllcd  seem to be less  extrctnc  ttlan thosc 
observed  with  rct'rogrcssing  svsterns. In  rithcr C:ISC, the 
rat'e of temperature  change  depends upon thc r:tte at which 
the jet axis moves  norma1  to  itself. 

8. REESTABLISHMENT OF CIRCUMPOLAR FLOW 

(Mid-February to Mid-April  1958) 

On Fcbruitrv 15 (fig. IO), the tenlperatures ;rnd temper- 
ature grrtdient>s  over  the  nap area were about t h e  satlle 

as those  observed at the beginning oi' Octohcr. Only 
weak  temperature  advect>ion  was int1ic:Lt'erl. Thc  strong- 
est' wirlcls had c l e c r e ~ e d  From 200 kt.  to hclow 50 kt .  

By late February, the weak circulation ol' IL Low ten- 

tered  over CtLnada dominated  thc  North  American are:l. 
Hemispheric  50-mb.  chart's  indicate  that in eiisterrl ;tnd 
west'ern Eurasia there were two other low centers, both 
deeper and with  more  vigorous  circulat~ions t h a r l  the one 
over  North  America. 

Throughout March, weal< vent'ilation of the  pol:^, 
stratosphere b ~ -  rnid-ltttitjude  air  prevented r:uli:ktive 
therlnd  equilibrium  in t h e  Arctic. By t l r c  time the> 
cross-polar flow mas halted w7it)l-I return of low  pressure to 
the  vicinity of the pole on April 5 (fig. I l ) ,  the sun had 
moved nort,bw:lrd across t h e  equator and tenlprratlu.es 
rose generdly  over  t'he  middle  and  high  ltltitudrs. 
Although  the flow in the higher  latitudes ol the Xorttlerrl 
Hemisphere  appeared esscntiully circumpolar,  thc ~ O - t n l ) .  

scctor. 

9. THE  TRANSITION T O  SUMMERTIME  EASTERLIES 

(Late  April to Early  June  1958) 

10. VARIATIONS IN  THE TROPICAL CIRCULATION AT 
10 MB. 
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FIGURE 11.-The 10-mb. chart for 1200 GMT April 5,  1058, from [18]. Contours and isotherms as in figurc 2. 

year-to-year  and  day-to-day  changes  in  the  10-mb. flow 
of the  Tropics.  That  complete  reversal of the  equatorial 
flow may  take place  from  one  year  to  the  next a t  C’hristrr1;Ls 
Island ( 2 O  N., 157’ W.) is shown by  McCreary [ 5 ] .  The 
majoritmy of 10-nlb.  winds  observed a t  this  station in 
January  and  May of 1957  were westerly,  but  in t . h  same 
months of 1958 they were easterly.  SlcCrcary  comments 
on  the  “layered,  predominantly  zonal flow with  great, 
intra-seasonal  steadiness  and  remarkable  inter-annu:d 
variability.”  From  some  level  above 10 mb., the  layers 
of opposing  zonal  winds  seem  to  descend  slowly  through 
the  stratosphere,  replacing  each  other  with a cotnplt.te 
cycle of about 26 mont,hs.  This  period  is  reminiscent ol‘ 
t,he famous  Southern  Oscillation  (Berlagc and DeBoer [l]) 
of 28 months  period  in the position of the seat level ttnt>i- 
cyclone of the  subtropical  South  Pacific  Ocean. Tnvesti- 
gat’ion of a possible relation  between  tl~csepcriodicpllenonl- 
ena is recornn~ended. 

The  danger of reliance  upon  “great  intra-seasold  stcadi- 
ness” is demonstrated by the  rapid  interdiurnal changes 
in  t>he  10-mb.  circulation observed over  the CJaribbmn in 
late  January 1960. Riehl  and  Higgs [7] describe it s h e u  
line t~hut  on Jtmuary 28 moved northrwu-cl out of South 
Arnerica a r d  across t>he  Chribbearl at’ a speed of [roll1 6 
to 16 kt. With  approach and passage of the shcar linc, 
reported  eastcrly  winds up to 100 kt. or I I I O ~ C  clccrwsctl 
rapidly and shifted to xvrstcrly. \)-it h t I I v  pt1ss:tg.c’ of :i 

following  ridge line ti few days  later,  easterly  winds  again 
dorninnted the  Caribbean. 

Thus, 10-rnb. wind forecasts  based  on  persistence or on 
climatolog~-,  part’icularly an incomplete  climatology, may 
occasionally be subject  to  great  error.  We  conclude  that 
even in  the  Tropics,  operations  critically  dependent 
upon  condit’ions at  10 mb.  require  the  same  careful  forecast 
procedures, bttsed on  fresh,  accurate data. that   we used 
in forecasting a t  lower levels. 

11. SUMMARY  AND CONCLUSION 

Although  this  descriptiou of the events of an  entire  year 
a t  an e1ev:ltion of about 30 krn. is necessarily  incomplete, 
it servcs to announce the  uvdability of a recently  pub- 
lished set ol 1O-nlb. charts [18]. hfucll of the  reasoning 
c-oncerning cause  and effect and the  association of 
phenomcntb in the stratosphere is highly  speculat’ive  but 
is included  in  the discussion :LS a basis for future  speculation 
and invest.igation. It’ is very  t,err~pting  to  relate  events  in 
the stratosphere to tropospheric phenomena,  such  as 
westerly7  mind indices, cyclonic activity,  and  jet  stream 
pat,terns on the one h:md, or to  solar  disturbances  and 
ionosphcric phet~omcntl such us sudden  comnlencements, 
geolllagrlc.tic- storms, m d  uurora 011 the  other  hand. 
Howev(~~. ,  t11c tlv;d;lble  history of str;ltospheric circul. ‘1 t,’ 1011 

is still so short that  co~~c.lusions  cannot’ be statistic-ally 
v:~l i t l ;~tct i .  E V C I ~  so, there arc almost  always  enough 
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arlalyses on record t,o provide a. case history  corltradictirlg 
the theory suggested by tllc dctailcd :lnrtlysis of :mothr~  
case history. 

One  stratospheric  charact,cristic  that  leads  to  fallacious 
conclusions is thc very slow development  and rnoverncnt 
of phenornrna  over a long  period.  Thus a very warrn 
mass of air may appear. in the stratosphere and pass ovcr 
one stat,ion  after  t’he  other  during the course of 1 or 2 
wceks. ‘Yhis gives ample  time for any of a score of solar 
or tcrrcstrial  phenonlcnn  to  occur  and be dcsignatrtl as 
t , h  causc or the effect, of thc stratospheric warmirlg at  
one of the stations. A basis for many doubt’ful  stntisticcl 
conclusions is the  fact  that  radiosondc  observations  ra,rcl~- 
rettch very  high levels unless the radiosoncle balloon is prc- 
vented  from  breakirlg by unusually high  stratosphcric. 
temperatures.  Thus,  average  values of actually observrtl 
10-mb. data a r t   b i a d  toward t,hose tl-pical of ahnorndly 
warm  situations. 

3lany of t,he prohlerns t’l~at beset stratospheric researc.11 
can  be  solved by more copious,  more rcpresentativc, and 
more  accurate data. The balloon  makers have inlprovctl 
the  radiosondc  vehicl~,  in  spectacular  fashion  with  rcla- 
tive1.v little incarcase itt cost. However, in marly countries 
of t,he world, the radiosonde in use has scnrce1~- an>- 
capabilitj- abovr the 25-nlb. level. The  most pressing 
requirement is for  additional wind data through the I I I O I Y ~  

univcrsnl use of tracking equipment to follow t l lc  ratlio- 
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